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PREFACE 
This report to the Thames Water Authority and Central Water Planning Unit is on research 
carried out in conjunction with the Stage 1 Group Pumping Test of five boreholes in the upper 
Lambourn Group for a period of three months in September, October and November 1975. It 
should however be seen in the context of two long-term projects on the ecological effects of 
groundwater schemes, the second of which is still in progress. Indeed, without the background 
information available from these two research projects the present study would have been 
impossible. Between October 1970 and September 1973 the Thames Conservancy and Water 
Resources Board jointly sponsored a three year project on the ecology of the River Lambourn. 
The aim was to obtain baseline data on the ecology of the river prior to the implementation of the 
groundwater pumping scheme so that an assessment of its impact could be made and if possible 
to predict any ecological effects in advance of the event. Intensive studies on the macrophytes 
invertebrates, fish and detritus were carried out on a half mile section of the River Lambourn at 
Bagnor. A second contract, jointly sponsored by what are now the Thames Water Authority and 
the Central Water Planning Unit for the four-year period October 1973 to September 1977 
incorporates a research programme on a number of other chalk streams, but retains a limited 
programme on the Lambourn. This includes a monitoring programme on the Lambourn at Bagnor 
from October 1973 to the present, a monthly survey of the river including 17 sites from Shaw to 
Lambourn village (March 1974 to December 1974) and finally observations on weed growth on 
another study site at Weston, further upstream from Bagnor (April 1975 to April 1976). 
Before the onset of pumping on 1 September 1975 it was necessary to establish a new study 
site at East Shefford, a short distance below the outfall at West Shefford, to assess the effect of 
a substantial increase in discharge. In addition the regular observations already being made down-
stream at Weston and Bagnor were able to provide information on any changes occurring lower 
down the system. A number of the sites used during the Lambourn longitudinal survey in 1974 
were re-visited before, during and after the pumping to compare the course of events in the river 
in late 1975 with the equivalent period in 1974. Pumped water ceased to flow on 5 December 
1975 but observations were continued beyond this date to observe the effects of the substantial 
decrease in discharge. Most detailed field observations were completed by 19 December but 
natural discharge remained low during the early months of 1976 and further sampling took place 
in January, March and April to examine some of the consequences of this on the upper Lambourn. 
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1. INTRODUCTION 
1.1 AIMS 
In essence the aim of the study was to assess the ecological effects of the pumping of five bore-
holes in the upper Lambourn. That is, to determine how the seasonal sequence of ecological 
events in the river differed from what would have occurred had no pumping taken place. Since 
this 'experiment' has no control it is not possible to make a direct assessment. Nevertheless, by 
careful monitoring of ecological events before, during and after the pumping it is possible to 
document changes in the river and by reference to the data already available for the River 
Lambourn, normal seasonal changes in the flora and fauna can be separated from changes which 
may be attributable to the pumping and subsequent events. 
Initiation of pumping should increase discharge in the perennial section of the Lambourn 
and hasten the onset of drying of the intermittent section. In practice the timing of the pumping 
was such that the intermittent section was about to go dry naturally, and in fact it dried out at 
approximately the same time as occurred naturally in 1974. 
Observations were made on the macrophytes and invertebrates of the intermittent section 
whilst it remained wet, and some data were obtained on the size structure of trout which were 
rescued from the section by the TWA prior to it drying out. Pumping is liable to increase the 
period during which the intermittent section remains dry and only after the springs eventually 
break will it be possible to determine whether an artificially extended period without water alters 
the normal pattern of recolonisation of the stream by macrophytes, invertebrates and fish. The 
major part of the team effort went into documentation of a study site at East Shefford (Figure 1), 
where detailed observations were made on the macrophytes and invertebrates. This site was 
mapped and sampled for macrophytes and invertebrates respectively immediately prior to the 
onset of pumping, biweekly during the pumping and on four occasions after the pumping ceased, 
the last being over four months after the pumps were turned off. The changes over this period 
have been interpreted by reference to a knowledge of seasonal changes in the river gained from 
observations made at Bagnor since October 1970. Monthly mapping further downstream at 
Weston and Bagnor produced useful data for comparative purposes, for although changes in 
discharge were less extreme than at East Shefford, nevertheless the pumping contributed to a 
substantial alteration in the normal discharge regime through the winter. 
1.2 STAFF AND ORGANISATION 
To monitor the Stage 1 group pumping test in the upper Lambourn it was necessary to draw on 
the expertise of the existing members of the Kennet project team, despite the fact that they 
were committed to a heavy programme of field work during that time. The solution to this 
problem was found in recruiting temporary help from graduates who would not only carry the 
major part of the work incurred by the group pumping test study but also undertake a limited 
amount of Kennet project work, thus freeing the Kennet project personnel to have some input 
to the pumping test study. This included design and supervision of the sampling programme, 
advice on the identification of invertebrates, analysis of data and writing of this report. 
Confirmation that the necessary money for recruiting temporary staff was available came on 
22 August, and hence some sampling prior to the onset of pumping on 1 September was 
undertaken by the Kennet team. By 15 September five graduates had been recruited and all 
remained with the project until Christmas with the exception of Miss G. Damp, whose place was 
taken by Miss C. Rey. 
The new team normally worked as a group for much of the field work and laboratory 
processing of samples, but each member was responsible for maintenance of records and analysis 
of results for different aspects of the programme. After completion of the major part of the field 
sampling programme before Christmas 1975, Miss Comiskey, Miss Geary and Miss Rey stayed 
for different periods of time to take further samples in the postpumping phase, to process these 
samples and to help with the analysis of the results. 
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1.3 FIELD PROGRAMME 
The field programme included observations and measurements made before, during and after the 
three month period of pumping between September and November 1975. Attention was focussed 
on the response of the macrophytes and invertebrate community to changes in flow regime. No 
studies were carried out on the fish population with the exception of some measurements made 
on trout rescued from the intermittent section. This was because no reference data on population 
densities and growth rates of trout were available in the upper Lambourn and it was considered 
that no useful information would be obtained from a short-term fishing operation over a relatively 
limited section of the river. The programme contained three elements as follows: 
a A detailed study of a 50 m section of river (subsequently referred to as the East Shefford 
study site) 0.9 km below the major outfall at West Shefford. 
b A regular longitudinal survey of part of the Lambourn which included the upper section 
of the perennial reach and the intermittent section. 
c Additional studies, which included the fish rescue, sampling of mayfly nymphs, above 
the major outfall and at a second site below the outfall and finally the monthly mapping 
of sites further downstream at Weston and Bagnor. 
The position of the boreholes, pipelines and outfalls in the upper Lambourn group are shown 
in Figure 1 (as are the study sites referred to in the text). Table 1 shows the frequency of observations 
made during and after the pumping on the various aspects of the programme. 
A brief synopsis of work at the different sites is given below, but for further details of 
methodology and results refer to Section 2 for information on the main study site at East 
Shefford and Section 3 for details of the longitudinal survey and additional studies. 
At the East Shefford study site observations on the changes in current, depth, suspended 
solids and temperature were made immediately prior to and at frequent intervals during and less 
frequently post-pumping. These records used in conjunction with the information available on 
discharge and temperature regime obtained for the nearby East Shefford gauging station gave a 
baseline for the interpretation of the information obtained on macrophyte growth and invertebrate 
densities. A detailed photographic record of the site was kept to complement both the information 
on the water depth and current and the response of the macrophytes to the discharge regime. The 
major part of the work on this site was the biweekly mapping of the weed beds together with the 
sampling of both macrophytes and their accompanying invertebrate communities before, during 
and on four occasions after the pumping. Similarly, the processing and analysis of the data from 
this part of the programme was a major aspect of the ensuing laboratory work. 
The observations made on the longitudinal survey of the Lambourn were similar to those 
made over the period April to December 1974 and are therefore directly comparable with them. 
However, observations were confined to the upper Lambourn from Weston Farm up to the 
village of Lambourn and were carried out at more frequent intervals than was possible in 1974 
when the survey was monthly. Each survey included observations on the macrophytes, qualitative 
sampling for invertebrates, and observations on water level, and general condition of the stream 
at each designated site together with additional observations on the macrophytes over the length 
of the intermittent section. Notes, samples and measurements were supplemented with a regular 
photographic record. 
During the pumping and for approximately two weeks afterwards, semi-quantitative samples 
of mayfly nymphs were taken at the East Shefford study site (ie downstream of the main outfall) 
and also in the Lambourn a short distance upstream of this outfall. The objective was to determine 
whether the mayfly nymphs differed in their response to a section of stream which was (a) 
supplemented with water and (b) slowly being deprived of its flow of water. As a result of the 
drying of the intermittent section of the upper Lambourn, the TWA mounted a trout rescue 
operation during the first months of the pumping and during this procedure it was possible to 
obtain information on the size and age structure of the population in the upper reaches of the 
river. 
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Table 1 
Information collected before, during and after the pumping test. An asterisk indicates that observations were made on two separate occasions during the week. 

Finally, the monthly mapping of macrophytes at Weston Farm and Bagnor, further down 
the Lambourn valley, was found to be of value in the interpretation of changes occurring at the 
East Shefford study site. 
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2. STUDIES AT THE EAST SHEFFORD SITE 
2.1 PHYSICAL DATA 
2.1.1 Discharge regime 
The East Shefford study site (Figure 1) was chosen for two main reasons. First it was only 0.9 km 
downstream from the major outfall at West Shefford (144) which delivered water from the five 
upper Lambourn group boreholes into the river. Secondly, it was 0.4 km upstream from the 
Thames Water Authority gauging weir at East Shefford which provided precise information on 
the discharge regime through the site. Figure 2 gives the discharge at East Shefford for the period 
August, 1975, to April 1976. At the end of August, immediately prior to the onset of pumping, 
discharge had dropped to approximately 32,000 m3 day - 1 (0.36 cumecs). From 1 September 
onwards the boreholes were switched on at the rate of one per day such that by 5 September an 
estimated 24,350 m3 day -1 of pumped water was being added to the river at West Shefford. The 
first borehole to be switched on at 15.00 hours on 1 September was Farn Combe and after initial 
filling of the pipeline, water appeared at the West Shefford outfall at 16.55 hours on 2 September. 
The increased discharge caused little disturbance to silt and weed beds downstream of the outfall 
and although observations at the East Shefford site between 18.00 and 19.00 hours showed the 
water to be slightly coloured, with small amounts of weed on the surface, no notable changes 
were observed. Variations in the pumped discharge during the next three months of the pumping 
test were mainly the result of occasional problems with the pumps themselves, the testing of the 
additional three small outfalls further up the river in the intermittent section, particularly 141 
at Bockhampton and finally a decrease in the yield from the boreholes themselves. On 30 November, 
immediately before the borehole pumps were turned off in sequence, one per day, the total 
pumped water was down to 18,451 m3 day -1 (total discharge approximately 32,000 m3 day -1 
or 0.36 cumecs). After all pumping had ceased, the discharge recorded at East Shefford on 
6 December was 12,010 m3 day -1 (0.14 cumecs), a very substantial drop from the total discharge 
recorded at the end of November. The winter of 1975/76 proved to be exceptionally dry and the 
springs failed to break. Natural discharge continued to decrease fairly steadily as shown on the 
hydrograph, (Figure 2) and the two isolated increases in discharge which took place in February 
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Figure 2 
Discharge regime in the River Lambourn at the East Shefford gauging station, August 1975 — April 1976. Arrows indicate mapping and sampling dates. 
1976 were due to further pumping tests. The timing of the mapping and sampling operations for 
macrophytes and invertebrates on the 50 m site in relation to the pumping test are indicated by 
arrows on Figure 2. 
2.1.2 Depth and current regime 
Examples of the depth profile and sub-surface current readings recorded on the 50 m East Shefford 
study site before, during and after the pumping are given in Figure 3. Each of the depth and 
current diagrams illustrates the feature that in general the upstream half of the site was more 
shallow and faster flowing than the downstream section. The site was chosen partly for these 
characteristics so that observations could be made on the response of the accompanying macro-
phyte and invertebrate communities to these differing physical conditions under changing 
conditions of discharge. The depth and sub-surface current velocity data for 1 September illustrate 
the pre-pumping situation whilst those for 9 September give the position after all the boreholes 
had been brought into operation. Both depth and sub-surface current velocities increased as shown 
in Figure 3, but results presented later in the report demonstrate that these changes were insufficient 
to cause ripout of weed or removal of silt beds. During the three-month period of pumping 
(Figure 2) the total discharge at East Shefford decreased, but the trend was subject to some 
variation as a result of pump failure and the testing of the other outfalls. Sub-surface current 
readings (Figure 3) for the last phase of the pumping test (25 November) and after the pumping 
had finished (8 December) indicate the drop in current experienced by the site. The effects of 
this are described in detail under the section on macrophytes. Subsequent series of both depth 
and current readings for January and April indicate the extent of the decrease in stream width, 
depth and sub-surface current values under conditions of very low discharge. These dangers, which 
contrast strongly with the prepumping phase (1 September) were accompanied by very substantial 
changes in the habitats available to invertebrates on the river bed. 
2.1.3 Temperature regime at East Shefford 
Although temperature readings were taken at the study site using a maximum and minimum 
thermometer during the pumping test, no information was available on the daily and seasonal 
temperature regime for the site itself prior to the onset of pumping. However, a thermograph has 
been in operation at East Shefford gauging station for some years and it is possible to determine 
whether the regime in the upper Lambourn was altered as a result of the pumping test (Figure 
4). Borehole water has a temperature of approximately 11°C. In the week preceding the start of 
pumping (26 August to 2 September) the maximum and minimum temperatures recorded at 
East Shefford were 14 and 12.5°C whilst in the week following the end of the pumping test 
(9 December to 16 December) the maximum and minimum were 8.75 and 7° C. Thus onset of 
pumping might be expected to accelerate a naturally falling temperature regime whilst cessation 
of pumping at the beginning of December would remove what had become a mildly warming 
influence and allow the stream to be affected to a greater extent by prevailing air temperatures. 
In practice (Figure 4) these features are not demonstrated very convincingly and their impact on 
the temperature regime is judged to be relatively unimportant to the growth of weed and 
development of invertebrates at this time of the year. However this may not be the case if 
pumping through the summer during operational use of the scheme leads to a significant change 
in the temperature regime. 
2.1.4 Suspended solids 
A sudden change in discharge regime may lead to a redistribution or removal of silt and an 
increase in the suspended solids carried by the river. The major effort to assess this possibility 
has been by direct observation of the habitats on the study site prior to, during, and for a period 
after the pumping test. The impracticality of continuous monitoring of suspended solids 
precluded detailed observations on removal or deposition and it was decided to concentrate 
attention on the end result rather than the details of the process. Nevertheless, water samples 
were taken both during the pumping and after it ceased to determine whether the general level 
of suspended solids were of the same order as those recorded over a period of two years in the 
River Lambourn at Bagnor and in the Winterbourne stream. 
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Figure 4 
Weekly maximum and minimum temperatures recorded on a thermograph at the East Shefford gauging weir. 
Arrow A indicates the range in the week preceding the pumping test and arrow B gives the range in the week 
following the end of the test. 
Subsurface water samples, approximately 10 in volume were taken in mid-stream and 3 
replicate subsamples, each of 2 were filtered through glassfibre filter papers (Whatman GF/C) 
which retained all particles above 2 µm. Any larger particles of leaf material, drifting invertebrates 
or insect pupal exuviae were removed at this stage. The mean dry weight of suspended solids was 
determined after drying in an oven at 60° C and the organic content was measured by loss on 
ignition in a muffle furnace at 540° C. All filter papers were also subjected to 540°C in a muffle 
furnace before filtration to eliminate inaccuracies which might otherwise result from loss of 
organic matter from the filter papers themselves. 
No results are available for the initial period of pumping due to some problems in method-
ology. However, visual assessments at the study site during the first few days of the pumping test 
failed to demonstrate any notable changes in suspended solids, and similarly the condition of the 
50 m site failed to indicate any sudden change in the area of silt. 
Figure 5 details the information available on the levels of and approximate organic content 
of suspended solids in water samples taken on the dates shown. Of the 16 samples taken during 
the pumping test (23 September - 25 November) all but three have concentrations of suspended 
solids between 2.3 and 4.6 mg I - 1 . These are normal levels of suspended solids observed in the 
equivalent months over 2 years in both the River Lambourn and Winterbourne stream. (Ecological 
studies on the River Lambourn 1970-1973, Figures 21 and 23). The high value recorded on 
7 October was later found to be a result of disturbance due to gauging operations upstream, but 
no explanation can be found for the elevated values also observed on 28 October and 4 November. 
However, temporary disturbances to the 'normal' level were also observed on the Lambourn and 
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Winterbourne from time to time and in the case of the East Shefford site could be the result of a 
number of different types of disturbance unconnected with the pumping regime itself. The 
pumping test was phased out between 1 and 5 December and samples taken during and subsequent 
to this event indicate higher levels of suspended solids than characterised the period of the pumping 
test itself. The limited data available show highest concentrations of suspended solids in mid-winter 
and a lower value at the end of Apri l , a pattern of increase and subsequent decrease similar to that 
observed on both the River Lambourn and Winterbourne stream over each of two winters. In the 
latter cases however, this change occurred alongside an increase and subsequent decline in discharge, 
whilst at East Shefford discharge decreased steadily throughout the period after the pumping ended. 
The question of formation and availability of small particulate detritus may be relevant here and 
variation in the concentration of suspended solids over the winter may be the end product of 
processes only partially linked to changing discharge. 
2.2 QUANTITATIVE STUDIES ON THE MACROPHYTES 
2.2.1 Methods 
Detailed information on changes occurring on the 50 m study site, which showed features 
characteristic of the River Lambourn both upstream and downstream of the site itself, was 
obtained immediately prior to, during and after the pumping test. The basis of the method was 
a mapping technique which recorded changes in the different habitat types at two-week intervals 
throughout the period of pumping and it was used to analyse the processes which led to these 
changes. The first mapping and sampling date was 1 September, prior to the arrival of the first 
pumped water, and was carried out as follows. A temporary grid of tapes was set up across the 
river in order to delimit 100 x 50 cm units of river bed and detailed information was obtained 
from each rectangle. The macrophyte or other substratum occupying over 50% of the area of the 
rectangle was designated as dominant, but all other macrophytes and substrata present in the 
rectangle were also recorded. In the laboratory the information on the dominant habitat type in 
each rectangle was transferred to computer cards to determine the percentage of the river bed 
dominated by the different habitat types. The mapping was repeated every two weeks and the 
computer programme compared the dominant habitat in each rectangle of the map with what 
had been dominant two weeks previously, thus providing information on the dynamics of weed 
bed growth, overgrowth and recession. If, after two months pumping Callitriche became dominant 
in a rectangle previously dominated by Ranunculus it was also possible to refer back to the 
original maps and determine when the Callitriche first appeared in the rectangle. 
After each mapping operation, a photographic record of the site was also obtained for 
comparative purposes. Three 1 m transects were photographed in each shot with the photographer 
standing on the south bank in the central transect with cross river tapes in position to give clear 
reference points in the photograph. 
Sampling was then carried out using a Lambourn sampler which delimits a 20 x 25 cm 
rectangle pn the river bed, that is, 0.05 m2 in area. (Full details of the design and operation of 
this sampler which takes both the macrophyte and accompanying invertebrates in a single 
operation are given in the Interim Lambourn Report for the period October, 1970 - March, 
1972). Immediately prior to the onset of pumping (1 September) five samples were taken on 
each of Ranunculus, Callitriche and gravel, but during the pumping test, further sampling was 
limited to five samples of Ranunculus taken at bi-weekly intervals. The decision not to sample 
Callitriche regularly was taken in the early stages of the mapping since at that time it was limited 
in area and it was felt that sampling might influence its ability to grow in the site during the 
period of study. However, five samples of Callitriche were taken immediately after pumping 
ceased (8 December) and on the three further sampling dates up to 27 April. Ranunculus, 
Callitriche and silt samples were taken as appropriate, depending on their importance on the site 
(details in Table 2). 
The macrophyte samples were separated from accompanying invertebrates, silt and gravel 
by elutriation in the field and by further careful examination and separation of the macrophytes 
in the laboratory. Where a Ranunculus sample also contained other species of macrophytes in 
small quantities, these were separated, but retained, and all species were dried in an oven at 60°C 
for one week before being weighed. 
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2.2.2 Results 
Figure 6 presents a series of maps for the 50 m site including the prepumping (1 September), 
pumping (28 October) and immediate post pumping (8 December) phases followed by a further 
three diagrams showing the site on 19 January (6 weeks), 16 March (14 weeks) and 27 April 
(20 weeks) after the pumping test ceased. The changes occurring on the site can also be seen by 
reference to Figure 7, which shows percentage cover recorded at biweekly intervals throughout 
the pumping and also the changes recorded in the post pumping phase. The raw data on the area 
over which each habitat type was dominant together with the conversion to percentage area is 
given for each mapping date in Table 2. The dates and habitat types on which sampling was 
carried out are also indicated. 
Before the pumping test, Ranunculus was the dominant macrophyte occupying 84.7% of 
the river bed. The only other macrophyte present was Callitriche, occupying 7.0%. Most of the 
Callitriche was associated with the deep slow-flowing section of the study site (Figure 3) or was 
found along the banks of the river. Although the discharge increased from ~ 30,000 to ~ 55,000 
m3 day - 1 after all the pumps had been turned on, there was no evidence of detrimental effects 
on the weed such as rip out caused by the increase in discharge. In contrast, the weed remained 
healthy and Callitriche showed a progressive increase in importance over the three month period 
of pumping. In general the Callitriche gained a foothold in the Ranunculus beds in the lower half 
of the study site and steadily overgrew the Ranunculus. Since Callitriche is normally regarded as 
being less tolerant of high flow than Ranunculus, it clearly indicates that both species were finding 
conditions well within their range of tolerance, and only at the upstream section of the site, 
where the current was fast and the water shallow, did Callitriche fail to overgrow the Ranunculus, 
which retained its original status. By the end of November, overgrowth of Ranunculus and 
Callitriche had resulted in 26% Callitriche and 56% Ranunculus, but the overall status of all 
macrophyte habitats on the site had only changed marginally from 91.7% before pumping to 83% 
at the end of the three month pumping test. 
The most striking changes occurred after the pumping test, when discharge dropped to 
below 10,000 m3 day -1, but they were not immediate. Mapping on 8 December, three days after 
the last pump went off, revealed only marginal changes in the relative importance of the habitat 
types (Figure 7) and similarly only slight changes in the position of the banks (Figure 3). However, 
by mid-January (Figures 3, 6, 7) the width of the stream had decreased considerably and 
deposition of silt was starting to occur. The area of Callitriche had not started to decrease, 
although it looked in poor condition whilst Ranunculus decreased in area slightly due to 
reduction in stream width and deposition of silt. By mid-March a major change had taken place, 
particularly on the lower half of the site, where most of the Callitriche had been replaced by 
extensive silt beds. This process continued and by the end of April Callitriche was dominant over 
only 0.3% of the site, silt occupied 55.1% and Ranunculus declined to 36.5% as a result of 
further losses to the bank and siltation. 
Alongside change in area of Ranunculus and Callitriche, some changes in the density of weeds 
were apparent during and after the pumping. Five Ranunculus samples were taken immediately 
before and biweekly during the pumping, followed by similar sets of samples on four subsequent 
occasions (Table 3). Callitriche samples were taken immediately before pumping and again after 
the pumping test. Since these samples were also investigated for their accompanying invertebrate 
communities and it was important to know whether substantial differences in invertebrate density 
occurred between the shallow and deep sections of the site, the samples were, where possible, 
taken at 10 m intervals along the site in order to include the range of positions. Sampling co-
ordinates used on one occasion were clearly visible on subsequent visits and were avoided when 
obtaining further macrophyte samples. 
The frequency of sampling meant that it was important to limit the number of samples 
taken, to prevent the possibility of oversampling and thereby being responsible for the changes 
which were being studied. This meant that confidence intervals for estimates of mean biomass of 
weed were wide but nevertheless the important features of any changes occurring could be 
discerned. Mean biomass of Ranunculus remained fairly stable between 200 and 300 g m -2 
throughout the pumping but showed a progressive decrease through January, March and April 
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Table 2 
Changes in the area of each habitat type on the East Shefford study site between September 1975 and April 1976, 
expressed as m2 and percentage of total area. Asterisks indicate dates and habitat types on which macrophyte 
and/or invertebrate samples were taken. 
Table 3 
Changes in the density of Ranunculus and Callitriche on the East Shefford study site for the period September 
1975 to April 1976, expressed as mean dry weight, in g m -2. Data obtained from 5 samples (each 0.05 m2 
in area). 



Figure 7 
Changes in the percentage cover of the major habitat types on the East Shefford study site, September 1975 to 
April 1976. 
under conditions of low discharge. Similarly, the prepumping estimate of 327 g m -2 for Callitriche 
made when it was present as thick beds but very limited in area, was much higher than the three 
post pumping estimates available, which again showed a progressive decrease in biomass of weed. 
2.2.3 Discussion 
A number of changes were observed in the macrophytes, both during the pumping test and 
subsequently. However, seasonal changes are a normal feature in the pattern of growth and 
recession of chalk stream macrophytes. The central question is whether the changes observed 
were typical of those normally expected at this time of the year or whether they were atypical 
responses caused by the pumping test or the subsequent drop in discharge and continued low 
discharge. The normal features of seasonal growth in Ranunculus and Callitriche on the River 
Lambourn can be seen at two sites at Bagnor where, as at East Shefford, the stream is relatively 
fast flowing and unhindered by the close proximity of hatches downstream. Examination of the 
percentage of the river bed covered by Callitriche and Ranunculus on the two study sites at 
Bagnor over a period of five years (Figure 8) is instructive. The arithmetic mean values for 
percentage of the river bed covered by these rnacrophytes in each month of the year for the 
period March 1971 to February 1976 have been used to construct this figure. Although the 
percentage cover by Ranunculus differs considerably on the shaded and unshaded sites at 
Bagnor, the seasonal pattern of change is broadly similar on the two sites. It achieves its highest 
percentage cover in July/August, after which it steadily decreases in area through to the following 
March before starting to recolonise again. Thus, on superficial examination the Ranunculus on 
the East Shefford site responded as expected, by showing a progressive decline in area throughout 
the period of observation from September 1975 to the end of Apri l, 1976. However, closer 
examination of the response of Ranunculus at East Shefford reveals features which do not 
characterise this macrophyte at Bagnor and could be a consequence of the pumping test. First, 
the loss in area of Ranunculus was almost entirely due to overgrowth by Callitriche rather than 
natural recession as at Bagnor. Second, the mean biomass of Ranunculus remained between 200 
and 300 g m -2 for the duration of the pumping test (September — December 1975) at a time 
when a decline in mean biomass of weed is observed at Bagnor (Ecological Studies on the River 
Lambourn 1970-1973, Figures 11 and 12). These features of continued growth activity in late 
autumn may characterise the Ranunculus in the upper Lambourn, but alternatively they may be 
attributable to the discharge regime during the pumping test. In the post-pumping phase continued 
loss of Ranunculus was mainly due to shrinkage of the stream width coupled with deposition of 
silt over Ranunculus in the lower half of the site. Hence, although area decreased, it was not a 
consequence of ripout or decay as seen at Bagnor and it was therefore not surprising to find 
further losses to silt occurring at the end of April at East Shefford, in contrast to the onset of 
growth at Bagnor. 
Callitriche presents a different sequence of events. Both sites at Bagnor, but particularly the 
shaded site, suggest a growth phase in autumn and winter followed by a decline at the beginning 
of the new year before a further brief resurgence in April/May. The potential for this species to 
undergo a growth phase in autumn was shown very clearly at East Shefford between September 
and December when it increased from 7% to 32.4%, a scale of increase in area only previously 
observed on a slow flowing section of the River Lambourn at Weston where Callitriche grew up 
unsupported by a stabilizing matrix of Ranunculus. At a 50 m site at Weston Callitriche increased 
in area from 5% at the beginning of June 1975 to 32.7% at the beginning of August, but after a 
weed cut which reduced the area to 25% in September, the area remained almost constant at 
just over 20% through the winter. 
Hence at East Shefford, pumping coincided with a substantial growth phase in Callitriche 
and there was no suggestion that high discharge was unfavourable under these conditions. After 
pumping ceased, the Callitriche showed considerable losses between January and March, as seen 
at Bagnor. However, further losses at East Shefford between March (7.8%) and April (0.3%) when 
Callitriche is normally showing spring growth at Bagnor suggest that the exceptionally low spring 
discharge, which helped to blanket the lower half of the site with silt, proved unsatisfactory for 
the regrowth of the remaining Callitriche. In conclusion, whereas the pumping test appeared to 
favour the growth of the macrophytes, the ensuing period of very low discharge, whilst not being 
the only factor relevant to the decline of the macrophytes, may have been a contributory factor, 
particularly in March and April when deposition of silt may have held back spring growth. 
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Figure 8 
Mean percentage cover of Ranunculus and Callitriche on the shaded (SH) and unshaded (UN) sites at Bagnor 
between March 1971 and February 1976, for comparison with changes in these macrophytes on the East 
Shefford study site (ES) between September 1975 and April 1976. 
2.3 QUANTITATIVE STUDIES ON THE INVERTEBRATES 
2.3.1. Methods 
The sampling apparatus, together with the field and laboratory techniques used in this study have 
been described in a previous report (Ecological Studies on the River Lambourn 1970-1973) and 
only a synopsis of the methodology will be presented here. The Lambourn sampler was used in 
the integrated macrophyte and invertebrate sampling programme, and a list of sampling dates, 
together with habitat types sampled is given in Table 2. Where possible, the five samples from a 
given habitat type were taken at approximately 10 m intervals to encompass the range of variation 
which might result from the marked changes in current speed and water depth along the 50 m site. 
Samples taken from gravel and silt were removed from the sampler net and placed directly into 
polythene bags for further processing in the laboratory. Those taken on Ranunculus and Callitriche 
were placed in buckets of water to effect partial separation of the weed from the accompanying 
invertebrates, gravel and silt by flotation. Both components were then transferred to separate 
polythene bags. In the laboratory, the weed fraction was carefully separated into its component 
species, where more than one was present, and all invertebrates found attached to or otherwise 
enmeshed in the weed were retained and returned to the invertebrate fraction. Initial laboratory 
processing of the invertebrate from weed samples, and also the gravel and silt samples, involved 
the removal of mineral material ranging from stones and gravel to sand. This was achieved by 
elutriation, coupled with searching of the mineral fraction for cased-caddis and molluscs before 
discarding it. At this point the samples, which included not only the invertebrates but also silt, 
were preserved in formaldhyde. Final processing and identification of the invertebrates in each 
sample was carried out as follows. The sample was subsampled using a Tyler sample splitter and 
0.25 of the original volume of silt and accompanying invertebrates was placed in a large white 
dish. All macroinvertebrates were removed from the sample, a process sometimes taking several 
hours, and the material was then examined by a second person before being discarded. This was 
followed by identification of the invertebrates to a predetermined level found to be appropriate 
to the requirements of this study; counting of the invertebrates; and tabulation of the results. 
Information on the species present and the numbers of invertebrates in each of the five samples 
taken on a specific habitat type and given date was then collated for comparison with other 
habitat types and dates. 
2.3.2 Results 
Initially, attention will be focussed on the 11 groups of samples taken on Ranunculus, since they 
span the pre-pumping and post-pumping phases of the programme. In addition Ranunculus was 
the most important habitat type in area except for the last two sampling occasions, when silt took 
over as the dominant habitat type (Figure 7). Table 4 lists 31 groups of invertebrates which were 
distinguished during this survey. Oligochaetes also occurred in substantial numbers but are not 
amenable to numerical analysis due to their tendency to break up as a result of the sampling 
operation and subsequent preservation. Most 'groups' are in fact species or genera but there are a 
number of exceptions. Amongst the Baetidae Baetis rhodani, Baetis vernus, Baetis scambus/ 
fuscatus and Centroptilum luteolum were all identified from well developed specimens but not 
all could be assigned to a particular species and hence they were grouped. Similarly, in the family 
Limnephilidae the following species were positively identified: Limnephilus lunatus, Potamophylax 
latipennis, Melampophylax mucroreus and Drusus annulatus. Many groups within the diptera were 
only separated to family level (Ceratopogonidae, Chironomidae, Simuliidae and Empididae), whilst 
no attempt was made to identify the Hydracarina (water mites). 
Five samples were examined on all eleven sampling dates except 1 September when only four 
samples were available. Table 4 gives the number of samples in which the 31 groups occurred over 
the period of observation. There was no evidence of the sudden elimination of any group of 
invertebrates between the pre-pumping sampling date and the subsequent series of samples, and 
none would be expected in view of the ability of the Ranunculus to tolerate the conditions of high 
discharge as shown in Section 2.2. The protracted period of low discharge following the end of the 
pumping test and the loss of area and biomass of Ranunculus suggested that it was important to 
examine whether these changes resulted in the elimination of any species. In all, ten invertebrate 
groups out of the total of thirty one were only recorded on Ranunculus either before or after 
the end of the pumping, and in all cases they had a low level of occurrence in the samples. Five 
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taxa were only recorded before pumping ceased (seven sampling dates) whilst a further five taxa 
were first recorded after the pumping (four sampling dates). In practice, the explanation for the 
observed pattern of distribution in time of these species is thought to lie with life cycle phenomena 
or the chance recording of a genus which occurred only rarely at this site. Examination of the 
number of taxa recorded on each sampling date up to and including the last date before the 
pumps went off gave a mean value of 18.28 and a total for the seven sampling occasions of 26 
taxa. Very similar figures (18.25 and 26) were obtained for the four post pumping dates indicating 
that, at this gross level of examination, there was no sudden depletion of the macroinvertebrate 
fauna following the substantial decrease in discharge. Clearly, some changes would be expected 
during the winter as a result of life cycle phenomena, particularly amongst the multivoltine insects 
such as Chironomidae and Simuliidae. These were in fact taking place, but changes in species 
composition were masked by leaving these groups at the family level. For a more detailed 
consideration of changes in density of the invertebrate groups Table 5 presents the mean number 
of invertebrates 0.05 m-2 (ie arithmetic mean value from five samples, except for 1 September 
when only four samples were available). A word of caution is required on interpretation since 
the estimates of density were obtained from the arithmetic means of five samples only. Neverthe-
less, the limited precision of individual density estimates should be viewed against the series of 
eleven sampling dates which enable substantial changes in density in some macroinvertebrates to 
be separated from smaller fluctuations which, lacking consistent trends, are likely to be the result 
of sampling error. Discussion of the data in Table 5 will be restricted to a few of the more 
abundant invertebrates which show important features. 
Gammarus pulex was the most abundant species on the site during the period of observation 
and was therefore subjected to a more detailed analysis. In order to put 95% confidence limits to 
the mean values, it was necessary to transform the data (log n + 1) and hence in Figure 9 the 
derived means are lower than the arithmetic means given in Table 5. Additional data on the 
density of G. pulex on Callitriche and silt at different times during the monitoring programme 
have also been included for comparison. At no time during the 8 months when the site was 
monitored was there a statistically significant change in the mean density of G. pulex on 
Ranunculus. However a number of features require comment, although the interpretation of 
some of them is not self evident. During most of the pumping period the mean density of G. pulex 
on Ranunculus remained fairly stable, and there was no evidence of a decrease in the density of 
this species as a consequence of the test (Figure 9). In contrast to the period up to mid-November, 
the density on 25 November was higher than on any previous sampling whilst the density on 
8 December was lower than on all previous occasions. It is possible that drying out of the inter-
mittent section of the River Lambourn above the West Shefford outfall resulted in downstream 
migration of G. pulex, thus increasing density at the East Shefford site at the end of November. 
Again, the decrease in discharge at East Shefford at the beginning of December after the pumps 
were turned off may have promoted further downstream migration of G. pulex, resulting in the 
low value for 8 December. These suggestions are speculative however, and a substantial programme 
of drift net sampling would have been required to demonstrate this point convincingly. Between 
8 December and 19 January the area of the study site decreased from 353 to 265 m2 (Ranunculus 
from 208 to 128 m2) and hence, the increase in density of G. pulex in January may be a consequence 
of decrease in living space. The decline in density of G. pulex on Ranunculus in March and April 
was also observed on silt which had (Figure 7) become an important habitat type itself, and it is 
therefore reasonable to regard the population of G. pulex as declining in numbers on the site over 
this period. Table 5 indicates that a number of groups of invertebrates showed notable changes in 
density during the period of observation. In all cases these changes could be explained as life cycle 
phenomena by using information obtained in a separate programme on mayflies carried out at East 
Shefford or by reference to information already available from the River Lambourn at Bagnor. 
In section 3.3 it will be shown that in September and October four species of Baetidae were 
present and emerging immediately downstream of the 50 m site. The density of baetids recorded 
over this period on the site itself was the result of growth, emergence and mortality of these four 
species. From November onwards smaller specimens were more in evidence in the samples and 
appeared to be the overwintering generation of B. rhodani. The falling densities recorded from 
November to April (when none were found) would be expected as a result of winter emergence 
and mortality. The absence of small specimens of the first summer generation of B. vernus at the 
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Figure 9 
Mean density of Gammarus pulex on Ranunculus between September 1975 and April 1976. (Vertical bars 
indicate 95% confidence limits.) Dotted lines give comparable data for G. pulex on Callitriche (September, 
December and January), whilst dot/dashed lines indicate densities on silt (March and April). 
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Table 5 
Density estimates for invertebrate taxa on Ranunculus between September 1975 and April 1976 expressed as arithmetic mean number 0.05 m - 2 . All values obtained from 
5 samples, except for 1 September, when only 4 samples available 
April sampling was unexpected, since this species is normally in evidence at this time of the year 
at Bagnor. Lack of data on the normal timing of life history events on the upper Lambourn 
prevents a distinction being made between this as a possibility and adverse effects caused by the 
unusual discharge regime recorded during the winter. 
In northern streams Ephemerella ignita has a well defined period of growth and emergence 
in summer and nymphs are absent during the winter as the species over-winters in the egg stage. 
In southern chalk streams, the life cycle is greatly extended and emergence can be observed 
throughout the winter. Most of the 1975 generation had grown to maturity and emerged by the 
end of September but small numbers were still observed until March 1976. The size structure of 
the larger number of specimens taken at the end of April 1976 suggested the appearance of the 
1976 generation. 
The small cased-caddis Agapetus occurred in very low densities through September and 
October, before the new generation of very small larvae started to make its appearance from 
November onwards. This followed a general pattern previously observed at Bagnor, as did the 
subsequent drop in density early in 1976. 
The larger cased-caddis (Limnephilidae) recorded at East Shefford included a number of 
species which f ly in the autumn before laying eggs which then hatch to produce larvae during 
the winter. The particularly high density recorded in March, 1976, was a result of two samples 
containing aggregations of larvae. 
The density of larvae of the small water beetle Elmis aenea increased after pumping ceased 
but there is good evidence from previous observations at Bagnor that larval populations show an 
increase in abundance in mid winter. (Ecological Studies on the River Lambourn 1970-1973, 
Figure 42.) 
The family Chironomidae (non-biting midges) showed considerable short-term fluctuations 
in density, being the result of a large number of species growing and emerging throughout the 
period of observation. Estimated peak densities were in excess of 20,000 m - 2 in early September, 
close to this figure at the end of April and never below about 8,000 m - 2 through the intervening 
winter. These figures are higher than those observed on Ranunculus on the unshaded site at 
Bagnor (Ecological Studies on the River Lambourn 1970-1973 Figure 36) but are not exceptional 
for this family. 
No useful comments can be made on the appearance of the tipulid f ly larva Dicranota sp. 
early in 1976 and its absence late in 1975. The limited data available for this genus at Bagnor 
suggest the presence of three species or alternatively three generations of a single species which 
has short well defined periods of growth during the course of a year. 
Information on size structure and density of blackfly larvae (Simuliidae) during the period 
of observation indicated the presence of a late summer generation of Simulium larvae, (probably 
dominated by S. ornatum during September and October) which had grown to maturity and 
started to emerge by the end of October. From November onwards an overwintering population 
of larvae was present whose numbers showed a decline as the winter progressed. 
The water mites (Hydracarina), of which there are an undetermined number of species, 
occurred in higher densities in December and January. No explanation is available for this 
observation, but similar midwinter increases in density have been observed on the River Lambourn 
at Bagnor. 
Table 6 lists data on the mean densities of invertebrates recorded on other habitat types 
sampled on a limited number of dates during the monitoring programme. Of the thirty one 
groups recorded on Ranunculus, twenty seven were found in these additional samples and two 
new species, a small beetle (Limnius volkmari) and the Bullhead (Cottus gobio) were also recorded. 
Note that three species (Physa fontinalis, Sialis lutaria and Rhyacophila dorsalis), previously only 
recorded on Ranunculus whilst the discharge was maintained at a high level through the pumping 
test, were recorded on other habitat-types after pumping ceased, indicating that the subsequent 
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low discharge had not resulted in their elimination from the site. The densities of invertebrates 
recorded in Table 6 will not be considered in detail since the data lack a substantial run of 
sampling dates for a given habitat type. However, the densities of Gammarus pulex and 
Chironomidae recorded on Callitriche are of interest when compared with the equivalent data 
for Ranunculus. On each of the three sampling occasions when comparisons are possible the 
density of G. pulex on Ranunculus exceeded that on Callitriche. In contrast, the density of 
chironomids, already regarded as high on Ranunculus, was even higher on Callitriche for the two 
post-pumping dates, with an estimated density in excess of 30,000 m - 2 on 8 December. Finally, 
note that whereas the total number of taxa recorded on gravel and Callitriche was similar to 
Ranunculus (Table 4), silt was found to support at more restricted fauna. 
Table 6 
Density estimates for invertebrate taxa on gravel, Callitriche and silt for a limited number of dates between 
September 1975 and April 1976 expressed as arithmetic mean number 0.05 m - 2 . All values obtained from 
5 samples except for gravel (4). 
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2.3.3 Discussion 
The basic question to be examined in this section is what impact did the events taking place over 
the eight month period of observation have on the invertebrate fauna? Since this 'experiment' 
had no 'control', attempts to answer the question must involve direct observation of the experiment 
itself and the use of experience gained by careful observation of seasonal changes occurring on 
the River Lambourn further downstream at Bagnor over a period of years. Before making this 
assessment the following points should be borne in mind: 
a Changes in the relative importance of the different habitat types are a normal feature 
of the seasonal pattern of events in a chalk stream. Typically the winter is a time of 
decrease in area of macrophyte, removal of silt and increase in area of gravel, at least 
partly as a result of high winter discharge. 
b Chalk streams have a very diverse invertebrate fauna. Many species are found on 
several habitat types partly because the habitats are normally in close proximity to one 
another and form a complex mosaic on the river bed. However, these habitats are 
normally characterised by substantial differences in the density of the various 
invertebrate taxa. For the majority of invertebrate groups, silt is the habitat type 
which holds the lowest density of invertebrates. 
c Between September and April substantial changes normally occur in the density of 
many invertebrates and this period should not be regarded as a time of relative 
inactivity. 
Although normally the natural increase in winter discharge occurs later than 1 September, it 
is not unreasonable to regard the pumping test as an early breaking of the springs. Consequently 
it was not surprising to find that the macrophytes and their accompanying invertebrate communities 
were not adversely affected by the pumping regime. On completion of the pumping test, discharge 
decreased considerably since the springs had not broken during the autumn or early winter. 
Between December and April discharge continued to decrease producing a narrowing of stream 
width, which in turn resulted in loss of habitat. At the same time the relative importance of silt 
increased. Since most invertebrates occurred on most habitat types there was no evidence of loss 
of species from the site even by April when only remnants of some habitat types remained. 
Nevertheless, loss of total area of living space coupled with an increase in the area of silt meant 
that the population levels of many invertebrates were reduced. 
Changes in the density of individual species during the course of the winter have already 
been discussed and the opinion has been given that these were the result of normal life cycle 
phenomena. The future pattern of events on the site is less certain however, since the stream did 
not experience high discharge in late winter to remove the silt and expose gravel for further 
colonisation by macrophytes. 
In answer to the question posed at the beginning of this section, it would appear that 
whereas the pumping test itself brought with it the benefits of increased discharge normally 
provided by natural breaking of the springs, the ensuing period of low discharge caused by 
drought conditions was clearly detrimental to the life of the river. 
3. ADDITIONAL STUDIES ON THE UPPER LAMBOURN 
The objectives of the studies undertaken between Weston Farm and Lambourn Village were to 
document the effect on the macrophytes, invertebrates and fish of drying out of the intermittent 
section of the river, and to compare observations made in 1975 with those available for 1974, 
when the intermittent section dried out naturally. 
3.1 GENERAL SURVEY 
Although most of the detailed observations to assess the impact of the pumping test were made 
at the East Shefford study site, regular observations were made at eight additional sites from 
Weston to Lambourn. The Liddiards site was located downstream of the East Shefford study site, 
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but upstream of the Thames Water Authority gauging weir (Figure 1). A regular monthly survey 
of the eight sites took place from March to December 1974 as part of a separate programme and 
this provided relevant background data of a comparable nature. In 1975 two longitudinal surveys 
were made in May and July (see Table 7 for sites and survey dates) whilst from 2 September 1975 
a weekly survey took place for the first two months of pumping, decreasing to biweekly in 
November. Three additional surveys were carried out after pumping ceased, but the intermittent 
section of the stream was still dry in April 1976. 
Table 7 
Survey dates for the upper Lambourn, showing progressive drying of the intermittent section. For each site, left 
hand column gives water depth (cm) and right hand column gives current speed (m). An asterisk indicates that 
the site was dry. 
On each survey date notes and photographs were taken at each of the eight sites and general 
observations made on the distribution of macrophytes in the intermittent section of the river. 
Standard observations made at each of the eight sites included water depth and approximate 
current speed, spot temperature record and a visual assessment of the approximate area of the 
river bed occupied by gravel, silt and macrophytes. More detailed notes were made on the 
condition of the important macrophytes which included Ranunculus, Berula, Callitriche and 
Rorippa. Photographs were taken from reference points both upstream and downstream at each 
site to give between-week comparability. The progressive drying of the intermittent section 
of the River Lambourn to the perennial head at Maidencourt Farm is detailed in Table 7. 
The only exception to this trend occurred on 14 October when both the Eastbury and East 
Garston sites were wet due to the release of water from the outfall at Bockhampton (No 141) 
between 8 and 17 October. 
It is instructive to compare the time and extent of natural drying of the intermittent section 
as recorded in the 1974 survey. Although the intermittent section was wet on 20 August 1974, 
the section between Lambourn and East Garston was dry by 17 September, indicating that in 
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1974 the river dried somewhat earlier than in 1975, when East Garston remained wet until the 
beginning of October. In 1974 the section between Lamboum and East Garston was still dry 
when surveyed on 16 October 1974, but by the next survey on 19 November the springs had 
broken and the entire section was flowing again. This contrasts strongly with 1975/76, when 
the springs failed and the stream bed remained dry throughout the winter. 
Table 7 also includes the available data on depth and current for all wet sites over the period 
of observation. Both depth and current are based on single readings measured with ruler and Ott 
meter respectively at standard positions in the stream and should be interpreted with these 
limitations in mind. They provide useful indicators of trends at a single site with time, but 
between-site comparisons may not be very meaningful due to the different character of the 
channel at each site. In general both depth and current speed dropped in the intermittent section 
(upstream of and at Maidencourt Farm) prior to and during the pumping, with the exception of 
the single occasion when water was allowed to f low downstream from outfall 141 above Eastbury. 
In the perennial section, downstream of the outfall at West Shefford, the increased discharge was 
apparent in terms of increased depth and current by 10 September where data are available whilst 
the first survey carried out after pumping ceased (18 December) recorded a drop in both depth 
and current on all three sites. 
Table 8 gives a condensed version of the major changes in habitat availability observed at 
the eight sites during the period of observation. In the field, the percentage cover of all macrophytes, 
their growth form and reproductive state were recorded, but here only the major macrophytes and 
other substrata are recorded for simplicity. A well defined area at each site was visually assessed 
on each date to obtain the approximate area occupied by each habitat type. Since the method 
was rapid, but suffered from being subjective, two people assessed each site independently before 
comparing estimates and discussing any differences in their estimates. This decreased the possibility 
of gross errors, and if the results are assessed for major changes only, they are capable of providing 
information for a minimum of effort expended in the field. 
During the pumping test different sites exhibited very different proportions of habitat types 
on the same dates. Thus, Weston was dominated by Ranunculus, Liddiards was almost entirely 
gravel (since cattle had access to the river and had eaten most of the Ranunculus) and Great 
Shefford was somewhat shaded and supported substantial beds of Berula. The characteristics of 
the site coupled with management practices greatly influenced each site and longitudinal trends 
in habitat type were frequently difficult to observe. Hence it was most profitable to observe 
changes in the areas of habitats on each site individually and examine them in relation to the 
growth of the macrophytes and seasonal changes in flow regime. Between 15 May and 2 September, 
before pumping began, seasonal effects, such as increase in area of macrophytes were apparent at 
most sites. During pumping (observations available on eleven occasions between 2 September and 
25 November) the changes observed differed depending upon whether the sites were upstream or 
downstream of an outfall. From Great Shefford downstream, where the addition of groundwater 
increased discharge, no drastic changes in habitats occurred and, at the lower two sites of Liddiards 
and Weston, the area of macrophyte cover in the river increased marginally during this period. 
The ability of the macrophytes to tolerate this increase in discharge and indeed to thrive as a 
result of it, when normally the area of macrophyte would be decreasing in late autumn, was also 
observed on the East Shefford study site. 
At the uppermost three sites of the intermittent section (Lambourn to Eastbury), where the 
river bed dried shortly after pumping started, there were no abrupt changes in the habitats before 
loss of water. At East Garston and Maidencourt Farm, where the process took longer, changes in 
area of macrophyte during the drying period were slight, but there was evidence of the 
accumulation of silt, particularly at Maidencourt Farm. The sudden drop in area of macrophyte 
at this site on 11 November was the result of a weed cut. At Eastbury and East Garston, where 
water flowed again on 14 October due to operation of the Bockhampton outfall, each site showed 
a loss of macrophyte and an increase in silt compared with previous observations. Thus, whilst 
the increase in discharge in the perennial section due to pumping was not detrimental, it is too 
early to judge the impact of prolonged drying out of the intermittent section. The build up of 
silt on some of the lower sites of the intermittent section would not be favourable to many chalk 
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stream invertebrates. However, for those species capable of surviving a period of drought in the 
egg stage or in river bed gravel, the silt should not be a significant factor since it should be washed 
away when the springs eventually break. Of greater concern is the effect on the macrophytes of 
extending the dry period throughout the winter and into the spring and summer of 1976. Although 
some chalk stream macrophytes, such as Ranunculus, can tolerate conditions of drought for a 
number of months it is uncertain how effectively they can survive in a dry river bed when 
terrestrial species start to colonise and the springs fail to break. 
Table 8 
Major changes occurring in habitats on the upper Lambourn, May 1975 — April 1976. 
R — Ranunculus Ber — Berula Cr — Cress Call — Callitriche G - Gravel S — Silt 
Figures refer to estimated percentage cover of each habitat type but only important habitat types are included in 
this listing. An asterisk indicates that the site was dry. 
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Table 8 (continued) 
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3.2 DISTRIBUTION OF THE INVERTEBRATES 
The longitudinal zonation of the invertebrate fauna in the area affected by the pumping test was 
also examined on nine occasions between 2 September and 18 December, (see Table 7). Timed 
qualitative collections of invertebrates were made at most sites where standing or running water 
was present. Limited data are available on the distribution of common invertebrates between 
Lambourn village and Weston Farm from the beginning of September, but as the intermittent 
section started to dry out, sampling was confined to the lower sites which remained wet. The 
data are therefore more comprehensive for the lower sites. 
Field sampling and laboratory processing were carried out as follows. An FBA pond net was 
used to sample all habitat types at each site for a period of five minutes before placing the contents 
of the net into a labelled polythene bag. In the laboratory, the material was transferred to a white 
enamel tray, covered with water, and searched for a maximum of two hours. Provisional identi-
fications were made and tabulated on data sheets whilst the specimens were then preserved for 
future reference and confirmation of identifications. Since the objective was to produce a species 
list rather than assess the relative abundance of the component species, only a limited number of 
specimens of any one species were removed and preserved for examination. Where a sample 
appeared to have yielded all species present before two hours examination was complete the 
following procedure was adopted. After ten minutes examination without finding a new species, 
the sample was passed on to a second person for checking. If after a further ten minutes no more 
species had been recovered, the examination was regarded as complete. Where possible, samples 
were picked live to aid detection of species by their movement, but when this was not possible, 
samples were preserved on return to the laboratory and examined as soon as time was available. 
The data are presented in Table 9 in a slightly condensed format. Before commenting on the 
important features, there are a number of points worth bearing in mind. First, the results of an 
additional brief survey of the invertebrate fauna at the six upper sites from Lambourn to Great 
Shefford made on 17 July 1975 have also been included and have helped to fi l l in one or two 
gaps in distribution which were artifacts resulting from insufficient sampling. This applies in 
particular to the flatworms, which were examined in the field on 17 July, but which do not 
survive well in pond net samples and hence are under-represented in the five-minute timed 
collections. Whereas detailed listings of taxa including non-insects (leeches, molluscs, the larger 
Crustacea), some insects (mayflies, caddis flies and alderflies) and fish collected in the pond net 
samples are given on the one hand, additional insect groups are only summarised very briefly. 
Choice of particular groups for detailed presentation is based on experience gained in carrying 
out a similar survey of the Winterbourne stream in 1972 (see Ecological Studies on the River 
Lambourn 1970-1973). In general, it was found that most of the taxa presented in detail in 
Table 9 could be sampled adequately over much of the year and hence a very limited number of 
samples over a restricted period of time would produce a meaningful statement on longitudinal 
zonation. In contrast, the water bugs and some water beetles (Dytiscidae) were more sporadic in 
their appearance, and only systematic collecting over a period of 12 months would produce 
useful results. Likewise, the true flies, including the Chironomidae and Simuliidae are not 
examined here. Detailed work on the chironomids of the Winterbourne stream over 12 months 
in 1972 revealed a diverse fauna which was very sensitive to environmental factors along the 
course of the stream. However, without considerable expenditure of time in obtaining specific 
identification in this difficult group, coupled with a longer time span of sampling, the value of 
the results would not warrant the effort expended. 
The present distribution of species in the upper Lambourn should be viewed in the light of 
the discharge regime of the intermittent section over the past year or two coupled with the 
various mechanisms adopted by the fauna for either resisting drought or recolonising a stream 
when water returns. 
In general, the flatworms, leeches, molluscs, Crustacea and fish cannot tolerate prolonged 
drying out of the intermittent section of the stream. As water levels fall, the fish may attempt 
to migrate downstream and in addition, mass movements of Gammarus pulex which have been 
observed in the Winterbourne stream are also likely to occur in the Lambourn. In 1974, when 
the stream dried between Lambourn and East Garston for a period of approximately two months 
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in the autumn it seems likely that many species in the above groups migrated or died out and have 
recolonised the stream since then. Exceptions to this may be found amongst the molluscs where 
the Sphaeriidae seem likely to have survived in damp gravel over a period of two months. Some of 
the gastropods in the genera Lymnaea, Planorbis and Ancylus may also have resistance over limited 
periods of time, particularly if the channel is filled with damp macrophyte after loss of the water 
itself. For those species which may not have survived two months drought in 1974, some such as 
G. pulex seem likely to have recolonised by active movement upstream. In contrast, others such 
as Polycelis, Asellus, Erpobdella and Glossiphonia may have re-invaded from other sources, such 
as the pond to the north of Lambourn village, but it must be emphasised that this suggestion is 
speculative. 
All the insect groups have effective methods of re-invading the intermittent section after the 
return of water by means of the aerial adult phase. In addition, some representatives of most of 
the families listed are also capable of resisting drying of the stream for a limited period and 
remaining in situ by moving deeper into the wet gravel of the stream bed or diapausing in the egg 
phase. Examination of Table 9 suggests a substantial change in species composition upstream and 
downstream of the Maidencourt/Great Shefford area. This is undoubtedly a genuine feature of 
the change from intermittent to perennial stream, but is likely to be exaggerated in this Table as 
a result of increased opportunities for extending the species list in the section which remained 
wet. The distribution of many invertebrates in the upper Lambourn follows the general pattern 
observed in the perennial to intermittent section of the Winterbourne stream and a few of the 
similarities are listed below. 
1 Whilst Polycelis felina and Dendrocoelum lacteum are confined to the perennial section, 
P. nigra/tenuis occurs in the intermittent section. 
2 All the leeches occur most commonly in the perennial section, but Erpobdella octoculata, 
Glossiphonia complanata and Piscicola geometra appear capable of extending their range 
further upstream under favourable conditions. 
3 Lymnaea palustris, L. peregra and Planorbis leucostoma occur regularly in the inter-
mittent section whilst Physa fontinalis, Planorbis contortus and P. vortex are more 
characteristic of the perennial stream. 
4 Asellus meridianus extends further upstream than A. aquaticus, but only G. pulex 
appears capable of rapid exploitation of the intermittent section when the channel is 
wet. 
5 Some genera within the Ephemeroptera (Baetis and Ephemerella) and many families 
within the Diptera are capable of rapid recolonisation of the intermittent section. 
6 The Trichoptera exhibit the complete range of adaptations from those limited to 
perennial water, through those capable of rapid recolonisation of the intermittent 
section to those specially adapted to exploit intermittent water. 
7 Additional groups within the Ephemeroptera (Paraleptophlebia) and Coleoptera 
(Dytiscidae) also show adaptations to life in temporary water whilst many of the 
Hemiptera appear to be opportunistic in exploiting temporary water in the intermittent 
zone where current is minimal. 
The most striking contrast with the Winterbourne stream is the presence of the freshwater 
limpet Ancylus fluviatilis throughout the intermittent section. This suggests that it resisted the 
period of drought in the autumn of 1974, since the alternative hypothesis would involve upstream 
migration of the species from the perennial head to Lambourn in less than 12 months and the 
production of considerable populations throughout the intermittent stream. 
The main value of Table 9 is as a statement of the condition of the invertebrate community 
at a time when it would appear to have had opportunity for the fauna to assume its characteristic 
distribution under relatively normal conditions of discharge during the previous year or two. 
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Table 9 
Longitudinal zonation of invertebrates in the upper Lambourn 
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Table 9 (continued) 
When water eventually returns to the intermittent section it will be possible to document 
the rate of return of both the characteristic flora and fauna to the stream. In addition, it should 
be possible by direct observation to classify the method of recolonisation for some of the 
important species. 
3.3 DETAILED STUDIES ON MAYFLIES 
The objective of this work on one important group of freshwater invertebrates was to determine 
whether they were affected by an increase in discharge (downstream of the outfall) or by a 
decrease in discharge (upstream of the outfall). The two sampling sites chosen for these studies 
were as follows. The lower one (downstream of the outfall) was immediately below the 50 m 
East Shefford study site and was therefore capable of yielding information on the emergence 
patterns of the Ephemeroptera on that site without further sampling on the 50 m site itself. The 
upper site at West Shefford (upstream of the outfall) was located on the River Lambourn 
immediately upstream of the confluence of the stream with the water issuing from the main 
outfall. Sampling methodology and laboratory treatment followed a routine used at a number of 
sites on local chalk streams to obtain information on species composition and life cycle phenomena. 
Each week between 12 September and 18 December, the macrophytes and other substrata at 
each of the two study sites were sampled for exactly 5 minutes using an FBA pond net which was 
manipulated to scoop up the invertebrates present without removing large amounts of accompanying 
weed and gravel. Each sample was placed in a labelled polythene bag and preserved on return to 
the laboratory. Samples were searched rigorously for all Ephemeroptera nymphs which had 
darkened wing buds and were therefore pre-emergent. The specimens were identified to species, 
counted and histograms plotted as shown in Figure 10. The method cannot be regarded as more 
than semi-quantitative, but was capable of yielding information on species composition, 
approximate relative abundance of the pre-emergent stages and periods of emergence. 
Since no data are available for previous years, it can be argued that any differences observed 
between the two sites are normal phenomena associated with the longitudinal position of the sites 
in relation to the perennial head. That is, the upper of the two sites, being only a short distance 
below the perennial head, may suffer any consequences of diminished discharge in late autumn 
whilst the lower site may not be so adversely affected since discharge at this point will be higher 
than at the upper site. This possibility cannot be denied, but the pumping test is likely to 
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Figure 10 
Number of pre-emergent mayfly nymphs taken in timed pond - net collections above and below the point 
where river discharge was supplemented with groundwater. 
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exaggerate the phenomenon and lead to prolonged drying out and lower water at all sites above 
the West Shefford outfall. This suggests that the study can yield useful information on the response 
of the Ephemeroptera to changing conditions. 
Five species were recorded in the pre-emergent condition at both sites during the period of 
observation. Numerically, three species of Baetis (B. rhodani, B. vernus and B. scambus) were most 
important whilst Centroptilum luteolum and Ephemerella ignita also occurred. The most striking 
feature was that whilst at the East Shefford site (downstream of the outfall) pre-emergent nymphs 
occurred every week from 12 September until 18 December, above the outfall at West Shefford 
no pre-emergent nymphs were recorded after 17 October. This was attributable in the main to the 
lack of pre-emergent B. rhodani at West Shefford, in contrast to East Shefford, where this species 
contributed the majority of the pre-emergent nymphs recorded after 17 October. Even so, each 
of the four other species was also recorded occasionally at East Shefford after 17 October. 
Whereas the East Shefford site retained a high percentage of macrophyte cover throughout 
the study the West Shefford site became progressively silted up with only limited amounts of 
macrophyte cover towards the end of the survey. This change in the quality of the habitat 
available was accompanied by a change in the invertebrate fauna as demonstrated by the 
Ephemeroptera. 
3.4 FISH RESCUE 
Some limited observations on the longitudinal distribution of sticklebacks and bullheads in the 
upper Lambourn have already been reported (Table 9). In the present section, attention will be 
confined to the brown trout (Salmo trutta). Upstream movement of trout from the perennial to 
intermittent sections of chalk streams is a well established observation and is of particular interest 
since it may occur in mid-winter when spawning fish exploit a newly available section of stream 
after the springs have broken. Where the intermittent section of a stream dries out the following 
summer and/or autumn the mature fish and their progeny must move downstream to avoid being 
stranded in temporary pools and thus being lost to the population occupying the perennial section. 
Since no previous studies have been carried out on this aspect of trout ecology in the upper 
Lambourn, as yet there are no answers to the questions which would appear to be relevant to 
this particular problem, ie: 
1 Are substantial numbers of trout involved in a spawning migration into the intermittent 
section? 
2 How does their spawning success compare with fish remaining in the perennial section? 
3 Do large numbers of both mature fish and their progeny succeed in retreating from the 
intermittent section when it dries out or do substantial losses occur which prevent a 
net gain to the perennial population? 
Local people do find small numbers of both 0+ and mature trout stranded in pools in the 
intermittent section of the river and transport them downstream to the perennial section, but no 
figures are available on the numbers involved each year. In view of the pumping test in the upper 
Lambourn, the Thames Water Authority mounted a fish rescue operation in September 1975 to 
ensure that trout remaining in the intermittent section were not trapped by falling water levels. 
Since the normal time at which the intermittent section goes dry was imminent and discharge was 
dropping prior to the onset of pumping it seems likely that downstream movement of trout may 
already have been well under way. There is therefore no means of assessing whether the fish 
rescue saved only a small proportion or the vast majority of the trout occupying the intermittent 
section during the summer of 1975. Trout were caught by Thames Water Authority personnel 
using electric fishing gear on 12 and 22 September, but only on the latter date were members of 
the Reading University team present to collect detailed records. On the 12 September the section 
between Lambourn village and a ford midway between Eastbury and East Garston was fished. 
The Thames Water Authority fishing team recorded a total of 115 fish rescued, of which all but 
8 were 0+ fish. Almost all were aggregated into two groups, one at the ford between East Garston 
and Eastbury and the second within the village of Eastbury whilst no fish were recorded above 
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Eastbury. By the 22 September the stream had dried to below Eastbury and Thames Water 
Authority personnel electric fished the section between Maidencourt Farm and East Garston. 
Again the distribution of fish was very aggregated, with concentrations above Maidencourt Farm 
and within the village of East Garston where Ranunculus gave some cover. 82 fish were rescued, 
(of which 75 were 0+ fish) and these were later released at Great Shefford, as were those rescued 
on 12 September. All fish caught on 22 September were measured before release. The 0+ fish had 
a mean length of 10.8 cm, suggesting a similar growth rate to the population studied in detail at 
Bagnor. The seven larger fish ranged from 23.6 to 30.1 cm and scales taken from them showed 
the presence of both 1+ and 2 + fish, although interpretation of the scales posed greater problems 
than those normally encountered with the population at Bagnor. 
Thus in all a total of 197 fish were rescued of which all but 15 were 0+ fish. Their aggregated 
distribution suggests that they had already responded to diminishing water levels by moving to 
areas where they would be less vulnerable in the short term. However, unless their urge to move 
downstream through shallow water normally overcomes the reaction to stay in deeper and more 
sheltered waters, rescue operations would appear to be the only way of preventing them from 
dying as each pool dries out. 
4. SUMMARY AND CONCLUSIONS 
The pumping test which prompted these ecological studies on the upper Lambourn took place 
between September and November 1975 at the beginning of a winter in which springs failed to 
break. With hindsight, 1976 can be seen as a year of extreme drought and the ecological effects 
of ending the pumping test were of equal interest to the testing of the upper Lambourn group of 
boreholes themselves. 
In summarising the results presented in this report, it is therefore necessary to distinguish 
between observations made during the pumping test in both the intermittent and perennial 
sections and those made over a period of 20 weeks post pumping, when only the perennial section 
of the river was flowing. 
4.1 STUDIES DURING THE PUMPING TEST, 1 SEPTEMBER TO 5 DECEMBER 1975 
4.1.1 East Shefford study site (perennial zone) 
a Prior to the onset of pumping, approximately 32,000 m3 day - 1 of water was flowing past 
the East Shefford gauging station. By 5 September an estimated 24,350 m3 day - 1 of pumped 
water was being added to the river at the major outfall at West Shefford, 1.3 km upstream. 
The major physical effect on the 50 m East Shefford study site was an increase in current 
speed. Water depth and channel width increased only marginally, and the total area of the 
site increased from 398.5 m2 to 414 m2 between 1 and 16 September. 
b There was no evidence that the temperature regime of the upper Lambourn was altered 
sufficiently by the addition of groundwater to cause changes in the growth rate of macro-
phytes or affect the development of invertebrates. However, it is not possible to assume 
that this conclusion will be valid where groundwater is used to increase discharge at other 
times of the year when there are substantial differences between stream and groundwater 
temperature regimes. 
c Visual assessments of water clarity during the initial stages of the pumping test confirmed 
that the increase in discharge did not result in turbid water. Frequent sampling for suspended 
solids during and after the pumping test showed that the upper Lambourn exhibited similar 
levels of suspended solids to those monitored in the Winterbourne Stream and the River 
Lambourn at Bagnor over two previous winters. 
d The substantial increase in discharge at the onset of pumping failed to result in rip-out of 
weed. After three months of continuous pumping the total area of weed on the study site 
had decreased only marginally (365.5 to 330.5 m2) although the area of Callitriche had 
increased, to the detriment of Ranunculus. 
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e Using a five year run of data from the two study sites at Bagnor, it was shown that Callitriche 
normally exhibits a growth phase in autumn. Even so, the speed with which it overgrew the 
Ranunculus on the slower deeper sections of the East Shefford study site was striking. 
f Only on the upper section of the site, where the stream was shallow and fast flowing did 
Ranunculus retain its dominant status. Despite loss in total area of Ranunculus during the 
pumping, the mean dry weight per unit area remained high. This contrasts with detailed 
studies at Bagnor where the biomass falls in autumn, suggesting that at East Shefford, 
conditions were favourable for the maintenance of the species, wherever the current was 
sufficient to prevent overgrowth by Callitriche. 
g Quantitative sampling of the invertebrate community on the major habitat types revealed a 
diverse fauna typical of southern chalk streams. Biweekly sampling on Ranunculus through-
out the pumping test indicated a relatively stable community with no evidence of loss of 
species due to the increase in discharge. Changes occurring in the density of a limited number 
of invertebrates were compared with the response of the same taxa at Bagnor using data from 
previous years. Similarities were evident and were interpreted as normal life cycle phenomena. 
4.1.2 Longitudinal survey of the intermittent zone 
a Although the intermittent zone from Lambourn village to Maidencourt Farm was flowing 
on 10 September 1975 the river showed progressive drying out as follows: river bed found 
to be dry at Lambourn (17 September); Bockhampton (23 September); Eastbury (23 
September); East Garston (7 October); Maidencourt Farm (18 December). 
b A similar survey carried out in 1974 showed that the section between Lambourn and East 
Garston was dry by 17 September (ie somewhat earlier than in 1975), but a subsequent 
survey on 19 November 1974 indicated that the springs had broken and the entire inter-
mittent zone was flowing again. 
c In 1975 loss of water at the upper sites of Lambourn, Bockhampton, and Eastbury was 
rapid and few changes took place in the habitat types prior to drying up. In contrast, at 
East Garston and Maidencourt Farm there was considerable build-up of silt in the channel, 
particularly at Maidencourt Farm where flow was reduced to a very low level by the end of 
September. 
d The longitudinal zonation of the invertebrate fauna was examined at eight sites (five inter-
mittent and three perennial) on survey dates before, during and after the pumping test. 
Progressive drying up of the intermittent section meant that fewer surveys were possible in 
this zone, but nevertheless patterns of zonation were clearly apparent. The fauna of the 
intermittent section was restricted with respect to the perennial zone with progressive loss 
of species upstream. However a small group of species which were adapted to loss of water 
for a limited period of time in autumn were limited to the intermittent section. Finally, 
some opportunistic taxa were recorded in the intermittent section, primarily hemipterans, 
which exploited slow flowing reaches in the intermittent section, but rarely occurred in the 
perennial zone. These observations on distribution mirror those made during a more detailed 
study of the Winterboume Stream where loss of water in the intermittent section in autumn 
is also of limited duration. 
e Comparative studies on the occurrence of Ephemeroptera were carried out at the intermittent/ 
perennial zone interface (above the outfall) and also in the perennial zone (0.9 km below the 
outfall). Weekly collections of pre-emergent mayflies taken between 12 September and 
18 December revealed five species below the outfall with specimens of at least one species 
present on every sampling date. In contrast, above the outfall, although the same five species 
were recorded early in the study, no pre-emergent nymphs were recovered after 17 October. 
This coincided with loss of weed on the site coupled with a drop in current speed and sub-
stantial deposition of silt. 
f A fish rescue operation mounted by Thames Water Authority recovered 197 trout from the 
intermittent zone, ail but 15 being 0+ fish. Although their occurrence in pools and weeded 
sections offering cover suggested a limited response to falling water levels, no information is 
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available on whether part of the population migrated downstream into the perennial section 
prior to the rescue operation. 
4.2 POST-PUMPING STUDIES, DECEMBER 1975 - APRIL 1976 
4.2.1 East Shefford study site (perennial zone) 
a Immediately prior to the end of the pumping test, total discharge at East Shefford was 
approximately 32,000 m3 day - 1 . On 6 December, after all pumping had ceased, discharge 
dropped to 12,010 m3 d a y - 1 . Again, the drop in current speed was more apparent than the 
minor decrease in water level and channel width (total area of the study site decreased from 
398 m2 to 353 m2 between 25 November and 8 December. 
b However, the progressive decrease in discharge observed in 1976 did lead to substantial loss 
of river habitat. By 19 January total area of the site was down to 265 m2 whilst by 16 March 
(205 m2) and 27 April (185.5 m2) the available habitat had been reduced to less than half 
the area recorded during the pumping test. 
c Despite the sudden decrease in discharge when pumping ceased there were no immediate 
deleterious effects on the macrophytes. Between 25 November and 8 December the area of 
Callitriche increased from 26 to 32.4% and Ranunculus from 56 to 58.9%. 
d In contrast, prolonged exposure to a decreasing discharge regime had deleterious effects on 
the site, particularly in the lower section where the water was deeper and slower flowing. 
By 27 April deposition of silt (55.1%) had virtually eliminated Callitriche (0.3%), but 
Ranunculus, although reduced in area (36.5%) was surviving in the upper section, where the 
shallow, faster-flowing water restricted deposition of silt. 
e Whereas Ranunculus and Callitriche normally exhibit a growth phase in early spring, on the 
study sites at Bagnor, both species showed a decrease in area between March and April on 
the East Shefford study site. 
f Quantitative sampling of the invertebrate fauna on Ranunculus on four occasions after 
pumping ceased, together with additional samples taken on Callitriche (8 December and 
19 January) and silt (16 March and 27 April), demonstrated that up to 27 April there was 
no evidence of loss of species from the site. 
g However, the numerical abundance of Gammarus pulex, an important chalk stream inverte-
brate which plays a key role in energy flow, declined between January and April. 
h The increase in the area of silt, which was shown to support a less diverse invertebrate 
community than gravel. Ranunculus and Callitriche resulted in conditions less favourable 
to invertebrates than those observed during the pumping test. 
4.3 CONCLUDING REMARKS 
The three month pumping test of the upper Lambourn group of boreholes proved to be 
relatively uneventful. Detailed ecological studies on the 50 m site in the perennial section at 
East Shefford demonstrated that both the flora and fauna withstood the test without showing 
adverse responses. In fact, substantial growth of weed occurred during the pumping phase, 
providing additional habitat and food supplies for the invertebrate community. This contrasted 
with subsequent events, for the dry winter led to very low flows after pumping ceased. By the 
conclusion of this study in April 1976, the narrowing river had low habitat diversity, no sign of 
renewed spring growth of weed and showed evidence of a decline in the abundance of important 
species of invertebrates. 
Drying of the intermittent section of the River Lambourn started slightly later in 1975 than 
in 1974, but both the extent and duration of drying were more severe in 1975. The importance 
of the pumping test as a factor in influencing the timing, extent and duration of drying of the 
river is a hydrological question with ecological implications for both the intermittent and upper 
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perennial section of the river. Clearly, it would be useful to predict the likely discharge regime of 
the upper Lambourn during the severe drought of 1975/76 in the absence of a pumping test to 
appraise the likely consequences on the flora and fauna. The present need is for continued 
vigilance in the upper Lambourn so that the recovery phase in both the intermittent and upper 
perennial sections can be monitored, when the aquifers have been replenished and a more typical 
discharge regime returns. 
Since the pumping test took place in autumn, extreme caution is required in extrapolation 
of results to an operational phase pumping regime in summer. Monitoring programmes should 
accompany the initial operational phases of the pumping scheme to ensure that the response of 
the flora and fauna to both the pumping phase itself and its aftermath are observed and found to 
be acceptable. Finally, it should be emphasised that without the background information on the 
flora and fauna gained from studies carried out throughout the Winterbourne and Lambourn, but 
particularly at Bagnor, the present study would have posed many problems. However, by viewing 
changes in the upper Lambourn in the context of our present detailed knowledge of the ecology 
of the River Lambourn, interpretation of results could be placed on a firmer basis. 
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